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(57) A welding machine comprises a welding power 
source (104); a wire feeder (106) coupled to the power 
source (104); and at least one sensor (105,107,109) 
coupled to sense one welding condition. Preferably, it 
also includes a set up circuit (1 02) coupled to the at least 
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CONTROLLER 



FIG. 1 
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one sensor (105,107,109), the power source, and the 
wire feeder (106), wherein the set up circuit (102) auto- 
matically sets up the welding machine in response to 
the sensor (105.107,109). The sensor may be a wise 
sensor, including a diameter sensor and/or a material 
sensor, a gas sensor or a workpiece thickness sensor. 
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Description 

Metal-inert-gas (MIG) welding is one well known 
type of welding process. There are a number of different 
types of power supplies used for MIG welding. Exam- 
ples of MIG power supplies include phase controlled, 
pulse width modulated and inverter power supplies MIG 
welding is performed using a variety of wire diameters, 
wire material, and gasses. The wire and gas used de- 
pends on the plate or workpiece thickness and material. 
Wire diameter, wire material, gas and plate thickness 
are referred to herein as welding conditions. 

Most MIG welding machines use at least three pa- 
rameters to control the welding process. These param- 
eters are: wire feed speed and/or current, voltage and 
inductance. Some MIG welding machines also have an 
inductance control that affects the response of the pow- 
er source or supply. Typically, a MIG welding machine 
will have switches and/or knobs on the front panel to 
select some or all of the operating parameters. The 
process of setting one or more of these parameters is 
called herein machine set up. 

Some prior art welding machines (as used herein 
welding machine refers to the power source, controller, 
wire feeder, and may include a gas source and other 
ancillary equipment used to effectuate a weld) are ca- 
pable of controlling the welding arc to optimize the weld. 
However, proper control requires optimal operating pa- 
rameters (current and/or wire feed speed and voltage) 
for the particular welding conditions (wire diameter, wire 
material and gas mixture used, as well as the plate thick- 
ness and joint type that is being welded). Prior art weld- 
ing machines require the operator to calculate setup pa- 
rameters (i.e., voltage, current and/or wire feed speed) 
from tables or equations using the above welding con- 
ditions inputs as independent variables. Alternatively, 
the appropriate settings may be chosen based on past 
experience, or by trial and error. 

If the operator provides erroneous data, or doesn't 
properly calculate the setup parameters, the result may 
be poor quality welds or inefficient use of the welding 
machine or consumables (gas and wire). Thus, the weld 
quality is dependent upon the operator properly deter- 
mining setup parameters. It is not unusual for the oper- 
ators to improperly select the setup parameters and 
have such poor quality welds that a service call is re- 
quired. 

According to this invention a welding machine com- 
prises 

a welding power source; 

a wire feeder coupled to the power source; and 

at least one sensor coupled to sense one welding 

condition. 

It also includes a set up circuit coupled to at least 
one sensor, the power source, and the wire feeder, 
wherein the set up circuit automatically sets up the weld- 



ing machine in response to the sensor. 

Thus a welding machine automatically senses one 
or more of the conditions which enter into the decision 
for setting wire feed speed and/or current and voltage. 

5 The sensor maybe a wire sensor. Alternatively the 
welding machine includes a source of gas and a gas 
sensor and/or a workpiece thickness sensor. The set up 
circuit further automatically sets up the welding machine 
in response to the additional sensors. 

to Yet another embodiment uses a diameter sensor 
and a material sensor as part of the wire sensor. Other 
alternative configurations of the sensor include a bar 
code reader, an analog proximity detector, a plurality of 
proximity detectors, and a displacement sensor. 

'5 Other embodiments provide for the gas sensor to 
include a cyclic voltametry gas microsensor, a bar code 
reader, or a plurality of gas connections. The thickness 
detector may include a strain gauge or displacement 
sensor. 

20 Particular embodiments in accordance with this in- 
vention will now be described with reference to the ac- 
companying drawings; in which:- 

Figure 1 is a block diagram of a welding machine 

25 embodying the present invention; 

Figure 2 is a drawing of a welding equipment, in- 
cluding a separate power source and wire feeder 
embodying the present invention; and 
Figure 3 is a sketch of a spool of wire welding wire 

30 and a de-reeling wire stand. 

While the present invention will be illustrated with 
reference to a welding machine having a separate wire 
feeder and power source, it should be understood at the 

35 outset that the inventive welding machine with automat- 
ic parameter selection may also be implemented with 
other types of welding machines, including those that 
have the wire feeder and power source integrated into 
a single housing. Also, the invention is not limited to the 

*o particular types of sensors discussed below. 

Referring now to Figure 1 , an inventive welding ma- 
chine 100 includes a controller 102, a power source 104, 
a wire feeder 106 and a gas source 108. Also shown is 
a welding torch 110 and a workpiece 112. Lines connect- 

45 jng the various boxes in Figure 1 represent connections 
such as power connections, feedback connections, con- 
trol connections and gas connections. 

Power source 104 provides weld power to wire 
feeder 106. Also, gas source 108 provides gas to wire 

50 feeder 1 06. A weld-power cable 1 1 1 connects wire feed- 
er 106 to torch 110 The weld wire from wire feeder 106 
is coaxially fed within weld power cable 111. Weld power 
cable 1 1 1 also includes g conduit to provide gas for torch 
110. The other power supply cable provides weld power 

55 directly to workpiece 112. This cable completes the pow- 
er circuit. The components described in this paragraph 
may be found in the prior art. The invention is not limited 
to this arrangement, it encompasses other welding ma- 
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chines as well, such as, forexample : a welding machine 
wherein both weld power cables are run through the wire 
feeder. 

Controller 102 provides control signals to power 
source 104 to control the output current and/or output 
voltage. Controller 102 also provides a control signal to 
wire feeder 106 to control the speed at which wire is fed 
from wire feeder 106 to torch 110. Controller 102 re- 
ceives feedback signals indicative of the output voltage 
and current, and the wire feed speed. The feedback for 
the output current and voltage may be obtained from 
power source 104 and/or from workpiece 112 in a con- 
ventional manner. A set-up circuit contained within con- 
troller 102 uses these feedback signals to provide the 
desired output parameters. The set up circuit may be 
digital or analog, and either part of or distinct from con- 
troller 102. 

Controller 102 also receives a signal from wire sen- 
sor 1 05 that indicates the wire diameter and the material 
comprising the wire. Wire sensor 1 05 is capable of sens- 
ing flux core and solid wires. A plate thickness signal 
from plate sensor 107 is provided to controller 102. One 
alternative is omitting plate sensor 107. Other alterna- 
tives omit one or both of the wire and gas sensors (dis- 
cussed below). 

A signal indicating the type of gas being provided 
by gas source 1 08 is provided by gas sensor 109 to con- 
troller 102 and the set up circuit. The particular config- 
uration of the sensors 105, 107 and 109 will be de- 
scribed in detail below. However the invention is not lim- 
ited to the sensors described herein. 

The set up circuit and controller 102 cooperate with 
sensors 105, 107 and 109 to eliminate the need for the 
operator to select operating parameters. More specifi- 
cally, prior to the initiation of the welding process wire 
sensor 105 detects the wire diameter and the material 
of the wire. This information is provided to controller 102 
and the set up circuit. Also, gas sensor 109 detects the 
type of gas being provided by gas source 1 08. This in- 
formation is provided to controller 102 and the set up 
circuit. Finally, plate sensor 107 detects the thickness of 
workpiece (or plate) 112 and likewise provides plate 
thickness data to controller 102. 

These data indicative of the welding conditions are 
used by controller 1 02 and the set up circuit todetermine 
the proper operating parameters. The set up circuit may 
include a microprocessor that has a lookup table from 
which the proper operating parameters are obtained giv- 
en a set of welding conditions. Another embodiment pro- 
vides for the set up circuit to include circuitry (either dig- 
ital or analog) that implements equations from which the 
proper operating parameters are calculated. Controller 
102 and the set up circuit automatically set up the ma- 
chine and obviates the need for the user to determine 
the welding conditions and then select the proper oper- 
ating parameters Using the invention thus allows the 
control panel to have a single on/off switch, without the 
need for current, voltage or wire feed settings. Thus, the 
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likelihood of operator error has been greatly diminished 
because the operator does not need to set up the ma- 
chine. 

An alternative embodiment uses the sensors de- 
5 scribed herein and then prompts the user to set up the 
machine, after indicating to the user what has been de- 
tected. This alternative would beneficially allow the user 
to compensate for welding conditions such as dirty plate 
surfaces. 

10 Referring now to Figure 2, a sketch of welding 
equipment 200 configured in accordance with the pre- 
ferred embodiment is shown. Welding equipment 200 
includes a power source 204, a wire feeder 206 and a 
gas source 208. A controller (such as controller 1 02) and 
75 the set up circuit are located within wire feeder 206. 
Weld power is provided by power source 204 to wire 
feeder 206 on weld power cable 201. Another weld pow- 
er cable 203 is connected to a plate 212. A coaxial weld- 
ing cable (conduit) 211 connects wire feeder 206 to a 
20 torch 210. Thus, the weld power circuit is completed 
when an arc is struck between torch 210 and plate 21 2. 
A gas cylinder 208 provides gas (such as argon, carbon 
dioxide, helium, etc) to wire feeder 206 through a gas 
hose 21 4. Feedback (the voltage of the plate relative to 
2S the weld cable 201 ) is provided from plate 212 to wire 
feeder 206 on feedback wire 215. The plate thickness 
may be determined using wire 21 5 (as will be described 
below). A pair of control leads 216 and 217 are used to 
provide control signals from wire feeder 206 to power 
30 source 204. A current feedback signal may be provided 
from power source 204 to wire feeder 206 on either of 
wires 216 and 217. 

Weld wire feeder 206 includes a hub 220 on which 
a reel of welding wire is mounted when the welding ma- 
ss chine is used. The weld wire is fed from the reel through 
cable (conduit) 211 to torch 210, where it is used in the 
welding process. A bar code reader window 222 is 
shown on hub 220. Barcode reader window 222 is used, 
in one embodiment, to determine the wire diameter and 
^0 material. The wire reel includes, on its inside surface, a 
bar code which uniquely identifies the wire material and 
the wire diameter. 

A cyclic voltametry gas sensor is disposed within 
(or outside if desired) wire feeder 206. The cyclic volt- 
es ametry gas sensor is used to determine the gas type. 

Welding equipment 200 includes a single on off 
switch 225 on the front panel of power source 204 (or it 
may be on wire feed 206). When this switch is turned 
on, the controller within wire feeder 206 determines the 
50 welding conditions (wire material, wire size or diameter, 
gas type, and plate thickness). When the operating pa- 
rameters are determined as previously described, and 
the machine is automatically set up. One alternative pro- 
vides that the set up parameters are remembered until 
ss the reel is changed (as sensed by a switch), or the set 
up parameters are determined (and stored) only upon 
power up or before power up. 

One alternative embodiment uses a single knob (in 
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addition to the on/off switch) on the front panel of power 
source 204 (or wire feeder 206). The knob is used to set 
plate thickness. The controller uses that information, 
rather than sensed information via feedback wire 215, 
to calculate the appropriate operating parameters. Al- 
ternatively, the single knob can set or trim the "heat" (ac- 
tually voltage), which depends on or is a function of plate 
thickness. 

It should be understood that neither the specific ar- 
rangements of the welding machines described above, 
nor the specific sensors that will be described below, lim- 
it this invention. Rather, the invention includes using 
sensors (or otherwise determining) one or more welding 
conditions so that one or more operating parameters 
may be automatically determined and set. With that in 
mind, several sensors will be described below. 

The preferred embodiment uses a bar code, such 
as a UPC (Universal Product Code) bar code, on the 
reel of wire being fed into the machine. A scanner, such 
as a laser scanner, an LED scanner, or other bar code 
reader, is used to read the code and help setup the ma- 
chine. Referring now to Figure 3, a spool of wire and 
wires stand demonstrate an embodiment using a bar 
code reader. A support or stand 301 is mounted on wire 
feeder 206. Stand 301 supports hub 220. Hub 220 has 
window 222 thereon, through which a bar code reader 
scans. A spool of weld wire 305 is placed on hub 220. 
A bar code is placed on an inner surface 307 of reel 305. 
When the spool of wire 305 is placed on the hub 220 
(which spins with the reel) the bar code is aligned with 
window 222 so that the controller can determine the type 
of wire and the diameter of the wire. 

Alternatively, the controller can determine the wire 
type and diameter as the reel is rotated to feed the wire 
to the arc during set-up when the wire is jogged through 
the conduit 211. Another alternative is to provide the bar 
code on the side of wire spool 305 and the bar code 
reader on support 301 . Again, a slot should be provided 
in reel 306 through which the bar code can be read. An- 
other embodiment includes a barcode wand connected 
to the controller. When the wand is used to read the bar 
code. This alternative is particularly useful when pay- 
out-packs (where the wire is pulled from the center of 
the coil) are used. Another alternative is provide a series 
or set of indentations, bumps, or other mechanical mark- 
ings or irregularities on the wire reel or drive rolls which 
could be read by mechanical fingers, switches, oroptical 
switches. Generally, these sensors "read" an indicator 
of the wire material and diameter that is provided on the 
wire. Another embodiment uses a tab or card provided 
with the wire roll, that may be inserted into a reader. It 
should be recognized there are many variations to this 
type of sensor. 

If other types of wire sensors are used, a separate 
wire material sensor and a wire diameter sensor may be 
provided One commercially available material sensor is 
an analog proximity detector (one such detector is pres- 
ently available from Gordon Industries). Alternatively, an 



analog proximity detector may be constructed using an 
analog oscillator. A reference coil can be switched into 
the oscillator circuit to determine the free-running fre- 
quency of the oscillator (i.e. frequency with no wire 

s present). This can be used to eliminate external envi- 
ronmental effects (temperature, humidity, extraneous 
magnetic materials, etc.) on circuit operation. 

One design uses a coil, wherein the welding wire 
forms the core of a solenoidal inductor. Care should be 

10 taken to avoid chafing the welding wire and the coil. Oth- 
er geometries, such as an "C core with the wire passing 
in front of the legs of the °C" to complete the magnetic 
circuit, may avoid the chafing problem. 

Another embodiment for detecting wire material us- 

15 es multiple proximity switches. Each proximity switch is 
tuned to detect a specific material. Therefore, three 
switches (tuned for mild steel, aluminum, and stainless 
steel) could detect the three material types of interest. 
Additional switches could be provided for other material 

20 (or flux core wire). 

Another wire material sensor includes a Hall Effect 
sensor placed on the opposite side of the wire being 
sensed from an oscillating magnetic field source. The 
wire interferes with the magnetic field as it does in the 

25 analog oscillator. The Hall Effect sensor measures the 
magnetic field, and material type is determined based 
upon the measured field. Also, a reference Hall Effect 
sensor may be used to provide the same environmental 
immunity as described above for analog proximity sen- 

30 sor. 

A circuit (electric or magnetic e.g. ) whose operation 
is affected by the presence of welding wires of different 
compositions such that key parameters of circuit oper- 
ation (voltage, current, frequency, charge, etc.) vary in 

35 a manner which allows the different wire compositions 
to be determined could also be used to determine wire 
material. Alternatively, a source of radiation (magnetic, 
electric, or heat) and a sensor could be used to deter- 
mine how the welding wire affects the radiation field and 

40 thereby determine wire material and/or diameter. 

One alternative embodiment of the wire diameter 
sensor is to use a displacement sensor which interrupts 
a light beam in an amount dependent on the wire diam- 
eter. A light beam and sensor are provided near a wire 

45 inlet guide. A cam follower is also provided near the wire 
inlet guide. The cam follower displaces a nonreflective 
probe into the path of the light beam, thereby reducing 
the light flux of the beam. The reduction in light flux is 
proportional to the diameter of the wire. Suitable light 

50 detectors include photocells, photo-resistors, photo- 
transistors, light-intensity-to-voltage converters, light- 
intensity-to-current converters, light-intensity-to-fre- 
quency converters, or other light sensitive electronic de- 
vices. 

55 Alternatively, the wire itself may be used to interrupt 
the light beam. However, care should be taken to avoid 
the accumulation of dirt and moisture on the light emitter 
and sensor. Other sensors for measuring the movement 
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of the cam follower include a strain gauge attached to 
the cam follower, a linear potentiometer, or a piezoelec- 
tric sensor. Each of these sensors use the wire to me- 
chanically displace something and measure the dis- 
placement. 

Another device for measuring wire diameter uses a 
variable frequency analog oscillator to sense the wire at 
various frequencies. The skin depth of the signal equals 
the diameter of the wire at some frequency. When this 
frequency is reached, the effect of the wire on the oscil- 
lator does not change with further changes in frequency. 
This frequency is determined by scanning or varying fre- 
quencies, and from this frequency the diameter of the 
wire is determined. 

Another diameter sensor is a capacitive sensor, 
which is available commercially (trom Gordon Industries 
e.g.). Generally, any diameter sensor will suffice to im- 
plement the present invention, although the type de- 
scribed above may be practical given current technolo- 
gy- 
One preferred embodiment of the gas sensor in- 
cludes different gas connections on the wire feeder for 
different welding gases. The connectors would be a dif- 
ferent size or shape so that they could not be inter- 
changed. The gas hoses then have mating connectors. 
For example, argon, C02, and mixed gas hoses would 
each have a unique connector which would connect to 
similar mating connectors on power source 206 or wire 
feeder 204 A pressure sensor (such as a transducer) 
or flow detector in each gas line internal to the welding 
machine determines which gas is being used for welding 
This embodiment may be used to detect the lack of any 
gas being used. A variation of this embodiment uses 
lockout gas valves to prevent gas flow in the lines not 
being used. When a gas line is connected the pressure 
on the line being used forces a valve closed on the other 
lines. A limit switch is then used to detect which valves 
are closed and therefore determine the gas being used. 

Another preferred embodiment relies on a cyclic 
voltametry gas microsensor. Such a sensor is described 
in An Intelligent Gas Microsensor with Neural Network 
Technology, SENSORS, October 1996. This sensor us- 
es cyclic voltametry and a computational neural network 
to determine gas type. A cyclic voltage is applied to an 
electrolyte material sandwiched between two elec- 
trodes The gas to be determined interacts with the sur- 
face of the electrolyte and the current passing through 
the device is altered at characteristic voltages for each 
gas. A plot of current versus voltage indicates the gas 
type. 

One other gas sensor used to implement the inven- 
tion relies on differences in intrinsic gas properties of 
argon, c0 2, °2, and helium. The intrinsic properties in- 
clude heat capacity or specific heat at constant pres- 
sure, C p , heat capacity at constant volume, C v , the ratio 
of heat capacities, Cp/C v , thermal conductivity, k and 
density, p. The properties are measured using an insu- 
lated plastic housing that contains a heater (a 2 W re- 



8 

sistor) and a negative temperature coefficient resistor 
(NTCR or thermistor). The gas being used fills the box 
(through a closable vent) and power is applied to the 
resistor. The temperature of the gas is measured with 

5 the NTCR as the gas warms up. Each gas warms up at 
a unique rate dependent on the heat capacity, thermal 
conductivity, and density of the gas. The value for K/ 
C V P, in (m 3 K/KJ), is 0. 3032 for helium, 0.0345 for argon, 
0.0301 for oxygen, 0.0298 for air and 0.01 30 for carbon 

10 dioxide. K/C V P is measured for the gas being used, and 
compared to the known values, and a determination is 
made as to which gas is present. 

Another gas sensor that may be used measures the 
thermal conductivity of a gas. It consists of a thin insu- 

15 lated tube with a heater (resistor) disposed one end, a 
heat sink at the other, and two NTC R's placed some dis- 
tance apart in between. The gas is admitted into the tube 
and the heater activated. The heat causes a tempera- 
ture gradient in the gas that is measured. Gasses with 

20 a higher heat conductivity will have less of a temperature 
gradient. Thus, by comparing the measured gradient to 
known gradients, the gas that is present may be deter- 
mined. The tube should be insulated to prevent heat 
loss, and the known gradients may be determined em- 

2S pirically by measuring the gradient for various types of 
welding gas. 

Other sensors can use LEDs tuned to frequencies 
which are absorbed in different amounts by the gases 
typically used for welding. For example, C0 2 is opaque 

30 at infrared wavelengths. Thus, the frequencies (or 
wavelengths) used are selected so that each gas may 
be identified. When the type of gas may be determined 
from the relative absorption spectra. Commercially 
available sensors which determine the type of gas in- 

35 elude depleting or nondepleting sensors. Another com- 
mercially available sensor is an automotive oxygen sen- 
sor (used for pollution control systems). 

The gas sensors used herein could be active during 
a "pre-flow" or purge period wherein gas is flowing be- 

40 fore the welding process is initiated Also, a bar code 
reader could be used to determine the gas type. The 
scanner could be mounted on the cart that holds the gas 
cylinder, or a wand may be provided. When the wire sen- 
sor is also a bar code reader, a single wand can be pro- 

45 vided. Each bar code may then be read, and the con- 
troller can determine which welding condition is being 
sensed, as well as what the condition is. Alternatively, 
a mechanical sensor like those described with reference 
to the wire sensor, such as those using bumps or a card 

50 or tab, may be used. 

The preferred embodiment of the plate thickness 
detector is placing the ground clamp 227 with a strain 
gauge or potentiometer on the workpiece to determine 
how wide the clamp is opened, and thereby measure 

55 thickness. Thus, by merely clamping the ground clamp 
so that each side of the plate is touched, the thickness 
may be measured. At some thickness the maximum out- 
put of the machine is reached. Further increases 1n 
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thickness cannot be compensated for by changing the 
setup parameters. Accordingly, the size of the clamp 
should be sufficient to measure this thickness. When the 
maximum is reached, the user may be warned via a dis- 
play, light or alarm. Another embodiment uses a variable s 
frequency analog oscillator. The thickness of the work- 
piece is determined from the frequency where skin 
depth equals a predetermined fraction of the workpiece 
thickness. Skin depth is determined over a range of (or 
several discrete) frequencies. When the frequency and 10 
corresponding skin depth is compared by the controller 
to previously empirically determined values. 

It should be clear from the description of the pre- 
ferred embodiment that a wide variety of sensors may 
be used to implement the inventive welding machine *5 
that has automatic set-up. 

Claims 

20 

1 . A welding machine comprising: 



2. A welding machine (105) according to claim 1, 
wherein the at least one sensor is a wire sensor 30 
which includes a diameter sensor and/or a material 
sensor. 

3. A welding machine according to claim 1 or 2, where- 
in the wire sensor includes a scanner, or an analog 35 
proximity detector or a plurality of proximity detec- 
tors, or a displacement sensor. 

4. A welding machine according to any one of the pre- 
cedmgclaims, further including a set up circuit (1 02) 40 
coupled to at least one sensor (105,107,109), the 
power source, and the wire feeder (106), wherein 

the set up circuit (102) automatically sets up the 
welding machine in response to the sensor 
(105,107,109). 45 

5. A welding machine according to claim 4, further in- 
cluding a source of gas (108) and a gas sensor 
(109) coupled to the set up circuit (102) and the 
source of gas (108), wherein the set up circuit (102) so 
further automatically sets up the welding machine 

in response to the gas sensor (1 09). 

6. A welding machine according to claim 5, wherein 

the gas sensor includes a cyclic voltametry gas mi- ss 
crosensor, or a scanner or a plurality of gas connec- 
tions. 



7. A welding machine according to claim 4, 5 or 6, fur- 
ther including a workpiece thickness sensor (107) 
coupled to set up circuit (102) wherein the set up 
circuit (102) further automatically sets up the weld- 
ing machine in response to the thickness sensor 
(107). 

8. A welding machine according to claim 7, wherein 
the thickness sensor includes a strain gauge. 

9. A welding machine according to any one of the pre- 
ceding claims, wherein the welding power source 
(104) provides a welding power; 

wherein the wire feeder (106) is coupled to re- 
ceive welding power from the welding power 
source (104), 

wherein the wire feeder ( 1 06) supplies wire and 
weld power to a welding cable (111); 
wherein a wire diameter sensor is disposed to 
sense the diameter of the wire, and to provide 
a diameter signal indicative of the wire diame- 
ter; 

wherein a wire material sensor is disposed to 
sense the material comprising the wire, and to 
provide a material signal indicative of the wire 
material. 

10. A welding machine according to claim 9, which in- 
cludes a source of gas (1 08) and a gas sensor (1 09) 
disposed to sense the type of gas, and provide a 
gas signal indicative of the type of gas, and wherein 
the set up circuit (102) further includes a gas type 
input and wherein the wire feed speed, current, and 
voltage outputs are further responsive to the gas 
type input, and wherein the gas type input is cou- 
pled to the gas source (108). 

11 . A welding machine according to claim 9 or 1 0, which 
includes a workpiece sensor (107) disposed to 
sense the thickness of the workpiece (112), and to 
provide a thickness signal indicative of the thick- 
ness of the workpiece, and wherein the set up circuit 
(102) further includes a thickness input and wherein 
the wire speed feed, current, and voltage outputs 
are further responsive to the thickness input, and 
wherein the thickness input is coupled to thickness 
sensor (107). 



a welding power source (104); 
a wire feeder ( 1 06) coupled to the power source 
(104); and 25 
at least one sensor (105,107,109) coupled to 
sense one welding condition. 
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